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Effects of protein and amino acid diets in chronically uremic and
control rats. Nutritional status and evidence for uremic toxicity
were assessed in chronically uremic and sham-operated male
Sprague-Dawley rats that were tube-fed isocaloric diets which
contained one of the following sources of nitrogen: a) 15% casein
(15% CAS); b) a mixture of 7.8% essential and 6.6% nonessential
amino acids (14.4% MAA); c) 14.7% essential amino acids (14.7%
BAA) or d) 7.8% essential amino acids (7.8% EAA), which were
estimated to provide 1.2 times the minimum requirement of essen-
tial amino acids for maximum growth in healthy rats. Animals in
each group were tube-fed, three times daily, identical quantities of
the four diets. Studies were conducted for 28 days. In the uremic
rats, weight gain with 15% CAS and 14.4% MAA was greater than
with 14.7% or 7.8% BAA (P < 0.001); weight gain with 15% CAS
was greater than with 14.4% MAA (P < 0.05). Plasma albumin
concentrations at the end of study were greater with 15% CAS,
14.4% MAA, and 14.7% EAA than with 7.8% BAA (P <0.05 to P
< 0.01). The final plasma urea nitrogen was greater with 14.7%
BAA as compared to 7.8% EAA or 14.4% MAA (P < 0.05) and
was not different with 15% CAS and 14.4% MAA as compared to
7.8% BAA. Branch chained plasma amino acids (valine, leucine,
and isoleucine) were higher with CAS diet as compared to any of
the other three diets (P < 0.01 to P < 0.001); no difference was
present between 14.4% MAA and 14.7% BAA diets. The protein
efficiency ratio with 15% CAS and 14.4% MAA was greater than
with 14.7% EAA (P < 0.01). There was no difference in blood
pressure or hematocrit in the four groups of uremic rats. In the
control rats, weight gain and plasma albumin were lowest with
7.8% EAA (P < 0.001). These data suggest that in uremic rats, low
nitrogen diets containing high quality protein or mixtures of essen-
tial and nonessential amino acids promote better nutritional status
without marked increases in plasma urea nitrogen as compared to
EAA diets. In healthy, sham-operated control rats, nutritional
status is also better with the former diets.
Effets des regimes apportant des protéines et des amino-acides
chez des rats atteints d'urémie chronique et des rats témoins.
L'état nutritionnel et des arguments en faveur d'une toxicité uré-
mique ont été étudiC et recherchés chez des rats Sprage-Dawley en
état d'urémie chronique ou ayant subi un simulacre d'intervention.
Les rats out été nourris par tube gastrique avec des regimes iso-
caloriques qui contenaient l'une des sources suivantes d'azote: a)
caséine a 15% (15% CAS); b) un mélange de 7,8% et 6,6% d'acides
aminés respectivement essentiels et non essentiels (14,4% MAA);
c) 14,7% d'acides aminés essentiels (14,7% BAA); ou d) 7,8%
d'acides aminés essentiels (7,8% EAA) dont il a été estimé qu'ils
apportent 1,2 fois le besoin minimum d'acides aminés essentiels
ndcessaire a une croissance maximale chez le rat intact. Les
animaux de chaque groupe ont recu par tube gastrique trois fois
par jour Ia même quantité de chacun des quatre regimes. L'étude a
duré 28jours. Chez les rats urétniques Ia prise de poids avec 15%
CAS et 14,4% MAA a Cté plus grande qu'avec 14,7% ou 7,8%
EAA (P < 0,001); le gain de poids a été plus grand avec 15% CAS
qu'avec 14,4% MAA (P < 0,05). La concentration plasmatique
d'albumine a Ia fin de 1étude était plus grande avec 15% CAS,
14,4% MAS et 14,7% BAA qu'avec 7,8% BAA (P > 0.05 a F>
0,01). L'azote uréique du plasma a Ia fin de lCtude était plus elevé
avec 14,7% BAA par comparaison avec 7,8% EAA ou 14,4%
MAA (P < 0,05) et n'était pas different entre 15% CAS et 14,4%
MAA d'une part et 7,8% EAA d'autre part. Les acides aminés
branches du plasma (valine, leucine, et isoleucine) Ctaient plus
élevés avec CAS qu'avec les trois autres regimes (P <0,01 a P <
0,001); aucune difference n'a été constatée entre 14,4% MAA et
14,7% EAA. Le rapport d'eftlcacité des protéines était plus grand
avec CAS ou 14,4% MAA qu'avec 14,7% FAA (P <0,01). II n'y
avail pas de difference de pression artdrielle ou d'hématocrite
entre les quatre groupes de rats. Chez les rats témoins, Ia prise de
poids et l'albumine plasmatique ont été les plus faibles avec 7,8%
BAA (P < 0,001). Ces résultats suggèrent que chez le rat uré-
mique, des regimes pauvres en azote contenant une protôine de
haute qualité ou des mélanges d'acides aminés essentiels et non-
essentiels sont plus a méme que des regimes EAA d'améliorer
l'etat nutritionnel sans élévation marquee de l'uréc plasmatique.
Ces mêmes regimes ameliorent aussi I'Ctat nutritionnel de rats
témoins, sains et ayant subi un simulacre d'intervention.
Treatment with dietary manipulation or parenteral
feeding in which free essential L-amino acids are
provided as the primary nitrogen source has been
recommended for patients with acute or chronic re-
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nal failure and for those undergoing maintenance
hemodialysis {1—31. It has been suggested that in
renal failure, essential amino acid diets may be uti-
lized more efficiently than protein and may decrease
urea production [41 and enhance re-utilization of
endogenously formed urea or ammonia for synthesis
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of amino acids and protein [5]. Thus, some investiga-
tors have used essential amino acids as virtually the
sole source of nitrogen for these conditions [11.
Recent studies have suggested that diets or paren-
teral infusions limited to essential amino acids may
not maintain nutrition as well as diets containing
essential amino acids and nonessential amino acids
or high quality protein. In these studies, it was not
clear whether the limiting factor in the essential
amino acid diets was the total nitrogen content or the
absence of certain nonessential amino acids [6, 7].
We, therefore, evaluated the effects of diets provid-
ing isonitrogenous quantities of high-quality protein,
mixtures of essential and nonessential amino acids,
or essential amino acids. These diets were also com-
pared to a diet containing lower quantities of nitro-
gen as essential amino acids. Studies were conducted
in both chronically uremic rats and sham-operated
controls. Parameters of both nutritional status and
uremic toxicity were assessed. The results indicated
that diets providing high-quality protein or mixtures
of essential and nonessential amino acids maintain
better nutrition without causing substantially greater
accumulation of products of nitrogen metabolism.
Methods
Twenty-one-day-old male Sprague-Dawley rats,
weighing 90 to 100 g, were made uremic by ligation of
two-thirds or three-fourths of the arterial supply to
the left kidney, followed by contralateral nephrec-
tomy one week later [81. Sham-operated control rats
underwent two separate laparotomies at the same
time the surgical procedures were being performed in
the uremic rats. After the initial surgery, the uremic
and sham-operated control animals were pair-fed a
diet providing 27% casin for two weeks to enhance
the severity of azotemia. The uremic and control rats
were then assigned to one of four groups which were
fed diets containing one of the following sources of
nitrogen: a) 15% casein (15% CAS), b) 14.4% mix-
ture of essential (7.8% EAA) and non-essential
(6.6%) L-amino acids (14.4% MAA), c) 14.7% essen-
tial amino acids (14.7% EAA) and d) 7.8% essential
L-amino acids (7.8% EAA). The amino acid compo-
sition of the diets is described in Table 1. Diets were
isocaloric, and the nitrogen content of the diets was
2.0, 2.0, 2.0, and 1.1 gIlOO g, respectively. In the
latter three diets, the 10 essential amino acids were
proportioned according to the recommended daily
allowances [9, 10]. The 14.4% MAA, 14.7% EAA,
and 7.8% EAA diets were estimated to contain 1.2,
2.3, and 1.2 times the recommended daily allowances
for essential amino acids, respectively.
The comnosition (21100 g) of the 15% CAS diet
was as follows: vitamin-free casein, 15; glucose,
66.8; corn oil, 10; vitamin mix [11], 2.2; mineral mix
[11], 4; and cellulose, 2. Composition of the other
three diets was the same except that amino acids
were substituted for casein, and the difference in
weight between casein and amino acids was made up
with glucose. All diets were restricted in sodium
chloride (0.06%) to reduce severity of hypertension
in the uremic rats [12]. Other materials [11] and
vitamins [11] were provided in standard amounts.
To ensure absolute control of intake, all animals
were fed three times daily by stomach tube, in three
approximately equal portions. The quantity of food
administered was initially 12 glday and was increased
progressively at seven-day intervals until a daily in-
take of 17.5 g/day of feed was given the last seven
days of study. Animals had free access to tap water.
Assignment of uremic or control rats to the experi-
mental diets was arranged so that in either type of
rat, the glomerular filtration rates, body weights, and
plasma urea nitrogen levels (PUN) in the four diet
groups were similar.
All rats received the experimental diets for 28
15%
L-Amino acids
14.4% 14.7% 7.8%
Caseine mixed essential essential
Nitrogen content 2.0 2.0 2.0 1.1
L-Amino acids
Essential amino acids
Arginine 0.57 0.80 1.54 0.80
Histidine 0.29 0.48 0.92 0.48
Isoleucine 0.77 0.73 1.40 0.73
Leucine 2.22 0.96 1.84 0.96
Lysine" 1.04 1.20 2.30 1.20
Methionine 0.45 0.72 1.38 0.72
Phenylalanine 0.59 1.08 2.07 1.08
Threonine 0.69 0.60 1.15 0.60
Tryptophan 0.18 0.24 0.46 0.24
Valine 0.78 0.96 1.61 0.96
Nonessential amino acids
Alanine 0.29 0.90 — —
Asparagine — 0.44 — —
Aspartic acid 0.62 — —
Glutamic acid 3.27 — — —
Glutamine — 4.40 — —
Glycine 0.08 0.22 — —
Hydroxproline 0.03 — — —
Proline 0.96 0.44 — —
Senne 0.06 0.18 — —
Tyrosine 0.78 — — —
Total amino acids 13.67 14.35 14.67 7.77
Ratio of essentiajlnones- 1.2 1.2 — —
sential amino acids
Table 1. Composition of experimental diets"
"Data is expressed as g/100 g of diet.
Administered as lysme monohydrothloride. The amount of
lysine indicated refers to the free lysine.
Commercial casein, ICN Pharmaceutical mc, Cleveland,
Ohio. Amino acid composition provided by manufacturer.
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days. Lighting was kept constant, from 6:00 A.M. to
6:00 P.M., and room temperature was maintained at
21° C. Between days 26 and 28 of the experimental
diet, systolic blood pressures were recorded from the
tail with a Narco® tail-pulse pressure recorder. A
minimum of three determinations were obtained on
each of two separate occasions, and the mean sys-
tolic blood pressure was calculated. On the evening
of the twenty-eighth day, a 12-hr urine specimen was
collected for urea clearance. On the twenty-ninth
day, the animals were exsanguinated under anes-
thesia. Blood samples were obtained by heart punc-
ture for hematocrit, plasma urea, amino acids, and
albumin. Plasma was deproteinized for amino acid
analysis by adding 3 ml to 135 mg of sulfosalicylic
acid; determinations were performed with amino
acid analyzers (Beckman models 121-Hp and 121-
M). Plasma glutamic acid concentrations may be
slightly high and plasma glutamine concentrations
slightly lower due to decompensation of glutamine
during storage, and it may be better to consider the
sum of the two amino acids. Plasma albumin was
determined with the Technicon Auto Analyzer®. He-
matocrit was measured in triplicate with capillary
tubes. Data were analyzed statistically using analysis
of variance and the Duncan's multiple range test
[131.
Results
At the onset of the experimental diet, the mean
body weight in any group of uremic or control rats
was not significantly different from any of the other
groups and varied from 140.1 (SD) 7.6 to 151.0
15.0g. In the four groups of uremic rats, there were
no differences in either urea clearances at the onset
of the experimental diets (Table 2) or in the urea
clearances at the termination of these diets. For any
group of uremic rats as compared to any group of
controls, however, the urea clearances at the onset
of the diet study were significantly less (P < 0.001
for any two groups).
The mean values for gain in body weight during
intake of the diets and the plasma serum albumin
levels at the end of the study are shown in Table 2. In
both uremic and control rats, there was a trend for
weight gain to be highest with 15% CAS and to
decrease progressively with 14.4% MAA, 14.7%
EAA, and 7.8% EAA. The uremic rats fed 15% CAS
and 14.4% MAA gained significantly more weight
than the uremic animals receiving either 14.7% or
7.8% EAA. The uremic rats receiving 7.8% EAA
gained significantly less weight than any of the other
three groups (P < 0.01 to P < 0.001). The uremic
rats receiving 15% CAS gained slightly more weight
Diet
Urea clearance Weight gain
mi/mm g/28 days
Plasma albumin
g/dl
Chronically uremic rats
15.0% CAS 0.18 008° 110 3° 4.5 0.4
14.4% MAA 0.19 0.12° 103 8d 5.0 0.3
14.7% EAA 0.15 011° 86 iie 4.6 0.8
7.8% EAA 0.18 0.09° 68 14 3.9 0,8k
15.0% CAS
Control rats
1.40 0.37 114 8 4.7 0.2
14.4% MAA 1.36 0.85 107 9 5.0 0.1
14.7% BAA 1.84 0.56 100 9° 4.8 0.3
7.8% EAA 1.90 0.92 65 5 3.4 0.3k
than those fed 14.4% MAA (P < 0.05). The mean
body weight at seven-day intervals for each uremic
group is seen in Figure 1. The control rats fed 15%
CAS gained significantly more weight than control
animals fed 14.7% EAA. Control rats fed 7.8% EAA
gained less weight than in any other group. There
were no differences in weight gain between uremic
and control rats fed the 15% CAS, 14.4% MAA, or
7.8% EAA diets; however, control rats fed 14,7%
EAA gained more weight than uremic rats receiving
the same diet.
300 -
I I
0 7 14 21 28
Days of experiment
15.0% CAS
14.4% MAA
14.7% EA
7.8% EAA
Fig. 1. Mean body wt at 7-day intervals for each uremic group.
Diets are abbreviated: CAS, casein; MAA, mixed-amino acids:
BAA, essential amino acids.
Table 2. Urea clearance, weight gain, and final plasma albumin
concentrations in uremic and control ratsa
a Data is expressed as mean SD. See Method section for
details of diet; abbreviations used are CAS, casein; MAA, mixed
amino acids; EAA, essential amino acids.
Significantly different from any group of control rats, P <
0.001.
Greater than uremic rats fed 14.4% MAA (P < 0.05), 14.7%
EAA (P <0.01) and 7.8% EAA diets (P <0.001).
d Greater than uremic rats fed 14.7% BAA and 7.8% BAA (P <
0.001).
Greater than uremic rats fed 7.8% EAA (P <0.01).
Greater than control rats fed 14.7% BAA (P <0.01) and 7.8%
EAA (P < 0.001).
Greater than control rats fed 7.8 EAA (P < 0.001).
h Greater than uremic rats fed the same diet (P < 0.05).
'Less than either uremic or control rats fed 14.7% BAA and
14.4% MAA (P <0.01) or 15% CAS (P <0.05).
0,
>
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In both uremic and control rats, mean plasma
albumin concentrations at the end of the experimeri-
tal diets tended to be highest in the groups receiving
14.4% MAA. The concentration of plasma albumin
was significantly lower in each group of rats fed 7.8%
EAA compared to any other group of uremic or
control rats. There were no differences in albumin
concentrations between uremic and control rats
which were fed the same diet.
The mean protein efficiency ratios (PER), calcu-
lated as grams of weight gained per gram of protein
consumed, for uremic and control rats ingesting the
15% CAS diet were 2.1 (SD) 0.72 and 2.1 1.6,
respectively. PER's for uremic animals fed 14.4%
MAA, 14.7% EAA, and 7.8% EAA diets were 2.0
1.4, 1.6 2.1 and 1.9 4.2, respectively. For con-
trol rats receiving these diets, PER's were 1.9 1.5,
1.9 1.8 and 1.9 1.6, respectively. The PER in
uremic animals fed 14.7% EAA was significantly less
than in any of the other groups (P < 0.01).
Initial and final PUN levels, hematocrits, and sys-
tolic blood pressures at the end of study with the
experimental diets are shown in Table 3. The PUN
fell in each uremic rat after beginning the experimen-
tal diet. At the end of study in the uremic rats, the
PUN was greater with 14.7% EAA than with either
14.4 MAA or 7.8% EAA. There were no other differ-
ences in PUN concentrations in the uremic rats, and
values in control rats were also similar to each other.
In both uremic and control rats, however, the mean
PUN tended to be lowest with 7.8% EAA and only
slightly greater with 14.4% MAA. PUN was greater
in each group of uremic rats, as compared to any
group of control animals in any group of uremic vs.
control rats (P < 0.01).
The mean hematocrit was not different in the four
groups of uremic rats (Table 3). In the control rats,
the hematocrit was lower in those fed 7.8% EAA a
compared to those receiving 14.4% MAA or 14.79
EAA. The hematocrit was also lower in uremic rats
fed 14.7% EAA as compared to control rats fed the
same diet. Systolic blood pressure did not differ
among either the uremic or control groups and was
significantly greater in each group of uremic rats as
compared to control animals fed the same diet.
Amino acid concentrations measured in plasma
obtained from uremic and control rats at the time of
killing are shown in Table 4. Certain amino acids
varied in uremic rats with dietary intake. The
branched chain essential amino acids (valine, leu-
cine, and isoleucine) were higher in uremic rats in-
gesting 15% CAS compared to any of the other three
diets (P < 0.01 to P < 0.001). Concentrations of
plasma valine, leucine, and isoleucine were lower in
uremic rats receiving 7.8% EAA as compared to
14.7% EAA (P < 0.01 to P < 0.001). Among the
nonessential amino acids, alanine, tyrosine, glycine,
and 1- and 3-methyl histidine were highest in uremic
animals receiving the 15% CAS diet (P <0.05 to P
<0.001). The ratio of essential to nonessential amino
acids was similar in the uremic rats receiving 15%
CAS, 14.7% EAA, and 7.8% EAA diets; this ratio
was significantly less in uremic rats fed 14.4% MAA
as compared to 14.7% EAA and 7.8% EAA (P <
0.05 to P < 0.01). The valine/glycine raio was similar
in animals fed 15% CAS, 14.4% MAA, and 14.7%
EAA and was lower in animals receiving 7.8% EAA,
as compared to the 15% CAS and 14.7% EAA diets
(P < 0.01). The tyrosine/phenylalariine ratio did not
differ among the four groups of uremic rats.
There were a few differences in the amino acid
concentrations in the four groups of control rats
(Table 4). The ratio of essential to nonessential
amino acids was greatest in control rats fed the 7.8%
Table 3. Initial plasma urea nitrogen (PUN), final PUN, hematocrit (HcT) a systolic bloo d pressure in uremic and control rats
Groups
No. of
rats
Initial PUN Final PUN
mg/dl mg/dl
Hct
%
Systolic BP
mm Hg
15.0% CAS
14.4% MAA
14.7% EAA
7.8% FAA
8
11
10
10
Chronically uremic rats
73.5 14.5 38.8 22.3
75.5 35.4 31.6 11.8
69.9 24.8 52.1 34,5b
82.5 18.2 28.1 12.8
36.3 3.2
35.2 4.6
33.1 5.9
33.1 6.2
158 61
164 32
166 25
173 27
15.0% CAS
14.4% MAA
14.7% EAA
7.8% FAA
10
8
10
8
Control rats
9.6 1.6c 9.7 2.9c
12.1 44C 8.7 44c
12.1 45c 9.0 2.3e
8.8 2.1 6.8 2.7c
35.0 5.3
40.1 2•Ød
40.2 26d
31.4 6.0
105 13C
117 l0
113 9'
106± 18C
a Data expressed as mean SD. See Method section for description of diets.
b Greater than uremic rats fed 7.8% FAA and 14.4% MAA (P <0.05).
Significantly different from any group of uremic rats (P < 0.01 to P < 0.001).
d Greater than control rats fed 7.8% EAA (P <0.01) and uremic rats fed 14.7% and 7.8% EAA (P <0.01).
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Table 4. Plasma amino acid concentrations of control and uremic rats fed experimental dietsa
15.09'0EAA 14.4% MAA 14.7% EAA 7.8% EAA
Uremic Control Uremic Control Uremic Control Uremic Control
Aminoacid N=5 N=5 N=8 N=6 N=8 N=9 N=9 N7
Essential
Arginine 15.0 4.6 16.4 2.0 14.1 1.5 21.6 9.9" 15.4 5.6 16.3 2.0 13.5 3.0 16.6 2.3
Histidine 7.4 6.4 1.5 3.9 1.8 4.9 1.8 5.8 2.2 5.2 1.6 5.6 2.1 8.7 1.7""
Isoleucine 11.9 3.2' 6.6 0.6" 6.8 2.3 6.4 0.9 8.2 2.5" 6.6 1.0 5.9 1.9 2.7 0.8""
Leucine 17.9 4.1' 10.0 1.1" 10.9 2.1 11.5 1.8 12.5 3.' 10.7 1.8 8.0 2.3 4.3 12b.j
Lysine 69.7 133 58.0 3.5 51.5 12.3' 51.8 7.4 79.1 18.6 64.6 10.5 62.3 19.3 82.4 18.5""
Methionine 5.0 1.7 4.3 0.4 3.7 1.4 3.7 0.5 4.3 1.8 3.4 0.8 3.7 1.4 2.1 0.8'
Phenylalanine 8.8 2.2 4.5 0.3" 5.6 1.7" 5.2 0.4 6.0 3.5" 4.3 0.7 3.7 1.3 2.1 0.6'
Threonine 77.6 16.7 58.8 17.8 34.7 7.6" 43.8 11.5 55.4 15.6" 68.5 2.4 108.8 25.4 274.3 124.3"
Valine 20.5 3.9' 10.6 0.4" 12.2 3.2 12.7 1.5 14.4 4.3" 12.1 1.4 10.3 2.2 3.6 02b,j
Nonessential
Alanine 81.6 lO.8 51.9 13.1" 57.5 17.4 42.7 6.0 62.9 19.4 46.8 7.3 54.9 15.2 56.8 19.8
Aspamtic acid 2.4 0.7 1.6 0.4 1.9 0.7 1.7 0.2 1.8 0.5 1.7 0.4 1.6 0.6 3.8 1.0°
Citrulline 14.5 3.9 2.9 0.8""' 13.3 6.1 8.8 4.7" 16.8 3.2 4.2 1.6°"' 13.1 4.9 2.8 0.8°"
Glutamic acid 58.9 l64 62.3 16.1" 38.9 7.9 52.9 3.1" 36.5 10.2 45.3 9.2' 41.1 13.0 70.8 16.3°
Glutamined 22.3 5.0 20.0 7.4 23.0 4.7 26.5 11.9 29.5 6.2 27.1 3.6 24.3 5.5 24.3 6.7°
Glycine 60.8 23.7' 20.4 6.1" 42.2 13.1 24.2 4.2" 40.6 11.3 30.4 4.1" 46.0 6.2 24.4 5.7°
Halfcystine 3.2 0.8 3.5 0.2 2.5 1.5 4.7 1.1 3.1 1.8 4.8 2.2 2.6 1.1 2.1 1.1
Ornithine 4.5 1.2 4.2 0.8 3.8 1.0 4.8 0.6 4.3 0.9 3.6 1.5 5.2 2.4 3.8 0.9
Proline 24.7 5.1 13.8 5.7" 17.2 4.7 14.5 0.9 21.7 6.6 15.8 2.3 17.5 3.7 19.1 2.8
Serine 52.6 l45 38.1 9.3 29.0 5.3 32.8 4.7 38.0 11.9 48.1 6.6 41.8 13.2 70.0 14.5'
Tyrosine 6.5 2.1' 4.4 0.2" 4.4 1.4 4.8 0.4 4.6 1.9" 4.4 0.8 2.8 1.4 1.4 0.6'
1-Methylhistidine 3.9 1.6 1.2 0.2°," 1.2 0.5 0.4 0.2" 1.3 0.4 0.2 0.08' 1.5 0.7 0.9 0.3°
3-Methylhistidine 1.6 0.7' 0.4 0.1" 0.8 0.5 0.3 0.1" 0.8 0.4 0.1 0.05 0.7 0.6 0.3 0.06
Essentia)jnonesSentiale 0.74 0.1 0.81 0.2 0.65 0.1"" 0.78 0.1 0.87 0.2 0.85 0.1 0.96 0.2 1.3 0.4°
Valine/glycine 0.36 0.1 0.56 0.2" 0.29 0.03 0.53 0.1° 0.35 0.04 0.40 0.03 0.23 0.04 0.16 0.04
Tyrosine/phenylalanine 0.73 0.1 1.0 0.1" 0.28 0.2 0.93 0.1 0.86 0.3 1.0 0.2 0.75 0.1 0.66 0.1
a Values expressed as mean SD in moles/100 ml of plasma.
"Significantly different from uremic rats fed the same diet, P <0.05.
Significantly different from uremic rats fed the same diet, P < 0.01.
d Includes asparagine.
"For calculation of this ratio, the amino acids in the essential group were arginine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, threonine, and valine. The nonessential amino acids were alanine, asparagine-glutamine, aspartic acid, cystine, glutamic acid,
glycine, praline, serine, and tyrosine. Citrulline and omithine were omitted from the nonessential group because they are not found in
mammalian protein.
'Different from the other three groups of uremic rats, P <0.01 to P <0.001.
Different from uremic rats fed 14.4% MAA, P <0.01.
Different from uremic rats fed 7.8% EAA, P <0.05 to P <0.001.
'Different from uremic rats fed 14.7% EAA, P <0.01.
Different from the other three groups of controls, P <0.05 to P <0.001.
"Different from MAA controls, P <0.01.
'Different from 7.8% EAA control rats, P <0.01.
Different from 14.7% control rats, P <0.01.
EAA diet. The valine/glycine ratio was higher in
control rats fed 15% CAS and 14.4% MAA as com-
pared to either of the other two diets (P < 0.01).
Two amino acids, citrulline and glycine, were
higher in each group of uremic rats as compared to
control animals fed any diet. There were no differ-
ences in either of these amino acids in uremic or
control rats fed various diets, except for citrulline,
which was highest in control rats fed 14.4% MAA
diet, and glycine, which was highest in uremic rats
fed 15% CAS diet. The valine/glycine ratio was lower
in uremic rats fed 15% GAS and 14.4% MAA, as
compared to control animals (P < 0.05). The tyro-
sine/phenylalanine ratio was lower in uremic rats fed
15% GAS as compared to control animals receiving
the same diets, but with any of the other three diets
the ratio was similar in the uremic and control rats.
Discussion
This study evaluated the effects of diets providing
high quality protein, essential L-amlno acids, or es-
sential and nonessential L-amino acids on certain
parameters of nutritional status (weight gain, plasma
albumin, and plasma amino acids) and the uremic
syndrome (PUN, hematocrit, and blood pressure) in
chronically uremic rats and compared their response
to that of sham-operated rats. The results suggest
that a diet providing essential amino acids in slightly
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greater quantities (1.2 times) than the minimum rec-
ommended daily allowance for optimal growth (7.8%
EAA) does not maintain good nutritional status in
uremic rats. Evidence for this is their decreased
weight gain and plasma albumin concentrations. In
uremic rats which received greater quantities of es-
sential amino acids, e.g., 2.3 times the minimum
daily requirement for optimal growth (14.7% EAA),
plasma albumin was increased, but growth and pro-
tein efficiency ratio were lower than with the 15%
CAS or 14.4% MAA diets. The uremic rats fed a
mixture of essential and nonessential amino acids
had similar or higher levels of plasma albumin, and
growth rates were slightly reduced as compared to
uremic animals fed 15% CAS.
The results with the control rats were very similar.
The relative rates of growth with the four diets in
these animals were similar to that in the uremic rats.
There was a marked decrease in rate of growth and
plasma albumin concentrations in the rats fed 7.8%
EAA.
There are several possible reasons why the uremic
rats fed mixtures of essential and nonessential amino
acids or protein maintained better nutritional status
than the rats administered only essential amino
acids. One possibility is that certain nonessential
amino acids which are readily synthesized under
normal conditions become essential when rats are
uremic. Against this explanation is the finding that
the sham-operated rats fed 14.7% EAA also experi-
enced decreased growth as compared to the CAS
diet.
It is possible that the requirement for certain es-
sential amino acids may differ in renal failure, and
greater quantities of essential amino acids may be
necessary for optimal nutrition. The present study
was not specifically designed to assess this question.
In the uremic rats, however, when the essential
amino acid intake was increased to 2.3 times the
normal recommended daily allowance, growth was
less than with the CAS and 14.4% MAA diets which
provided much lower quantities of essential amino
acids. The similar responses in growth and serum
albumin in the uremic and control rats fed the four
diets suggest that the requirement for essential amino
acids in the uremic rats was probably not markedly
different from normal.
Another factor may be the requirement for nones-
sential nitrogen. There is evidence from both rat and
human studies that the nitrogen intake required for
optimal growth substantially exceeds the nitrogen
contained in the quantity of all essential amino acids
necessary for maximum growth. It has been sug-
gested that the uremic animal can re-utilize his
greater urea pool for synthesis of nonessential amino
acids and protein. Recent evidence, however, has
indicated that in uremic humans, re-incorporation of
urea nitrogen into albumin is not substantially greater
than it is in normal subjects [141. Indeed, the finding
of diminished weight gain in the uremic rats fed
either 7.8% or 14.7% EAA provides evidence for the
inability of urea to provide adequate quantities of
nonessential nitrogen in renal failure. Moreover, the
similar impairment in nutritional status in uremic and
control rats fed 7.8% EAA and the lower growth rate
in uremic rats as compared to control animals fed
14.7% EAA suggest that re-utilization of urea is
limited in uremia and not markedly different from
normal.
The observation that addition of nonessential
amino acids to 7.8% EAA was associated with im-
proved weight gain and plasma albumin in the uremic
rats suggests that the absence of nonessential amino
acids was an important limiting factor with this diet.
The finding of reduced growth and lower PER with
the iso-nitrogenous diet containing 14.7% EAA pro-
vides further evidence that nonessential amino acids,
rather than just nonessential nitrogen, was limiting.
The metabolic cost of synthesizing nonessential
amino acids is not clear. It is possible that with low
nitrogen diets, the process of synthesizing the quan-
tity of nonessential amino acids utilized each day
may impede growth. The present study provides
evidence that both control and chronically uremic
rats have a dietary need for nonessential amino
acids. Stucki and Harper [151 also found that normal
rats grow better with diets providing essential and
nonessential amino acids, as compared to isonitro-
genous diets containing only essential amino acids.
Others [16-- 181 have pointed out that, in studies in
rats and chicks fed low nitrogen diets, mixtures of
nonessential amino acids may be the most utilizable
form of nonessential nitrogen. Christensen [191 has
suggested that the intracellular movement of non-
essential and essential amino acids is dependent on
the concentrations at the external site of the cell mem-
brane. He proposes that exogenous intake of non-
essential amino acids is more likely to maintain the
appropriate concentration gradients to promote
intracellular flux and anabolic processes.
In the present study, there was a discrepancy
between the patterns of amino acids in plasma and
other indicators of nutritional status. In individuals
with protein calorie malnutrition, the plasma concen-
trations of the essential amino acids (especially the
branched chain amino acids, valine, leucine, and
isoleucine) are generally decreased, and nonessential
amino acid levels are often normal or increased.
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Hence, the ratio of essential to nonessential amino
acids may be decreased. In both the uremic and
control rats, this ratio was not reduced with the EAA
diets, even though growth rates were lower, and with
the 7.8% EAA diet, serum albumin was less. These
observations suggest that with diets providing very
high proportions of essential amino acids, the plasma
amino acid patterns may not be reliable indicators of
good nutritional intake.
We recognized that tube-feeding is a stressful pro-
cedure for an animal [20], and that this process might
have affected the results of this study. Rats, how-
ever, often do not ingest normal quantities of diets
which contain free amino acids [21], and in uremic
rats, intake of any diet is often reduced [22]. It is
possible that a reduced or fluctuating food intake
may affect uremic rats differently from normal ani-
mals. Moreover, there was a total of eight feeding
groups in the present study. It would be virtually
impossible to insure that each set of eight rats in-
gested the same volume of food using pair-feeding
techniques. The rats were therefore tube fed to in-
sure absolute control of food intake. The growth
rates in the uremic and control rats fed 15% CAS and
14.4% MAA were very close to reported normal
values for normal rats [91, and the slight reduction in
growth may have been due to a slightly lowered food
intake. Also, the plasma albumin concentrations in
rats fed these diets were normal. Hence, we inferred
that any metabolic stress of tube-feeding probably
did not significantly affect nutritional status in these
animals.
The results of this study may be relevant for the
dietary management of uremic patients. There is
much evidence that patients with acute or chronic
renal failure are often malnourished. The observa-
tions from the present study suggest that diets or
intravenous preparations which provide essential
amino acids as the sole protein source may not be
optimal for such patients. The findings from this
study suggest that better nutritional status may be
attained without significantly increasing the degree of
uremic toxicity by adding nonessential amino acids
to the diet. Since young growing rats with moderate
renal failure were evaluated, however, it is possible
that the results may be more relevant for the dietary
management of uremic children than adults. Further-
more, experimental data suggest that the proportion
of essential to nonessential amino acids may be dif-
ferent in adult nonuremic animals compared to
young growing nonuremic animals [231. Further clin-
ical studies are necessary to determine the optimal
ratio of dietary amino acids for uremic patients.
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